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SUMMARY 

Experiments were conducted to determine the effects of steady-state 
circumferential-pressure distortion on inlet flow and internal engine per- 
formance of a high-bypass-ratio turbofan engine. To measure these effects, 
flow-angle, static-pressure, and total-pressure instrumentation was placed 
between tlie rotatable distortion-generator assembly and the engine inlet. 

In addition, both static-pressure and total-pressure were recorded at the 
fan exit and compressor inlet and exit. Three circumferential screens were 
separately mounted on the rotatable assembly. For all configurations data 
were recorded at each of twelve 30° increments of assembly rotation. Exper- 
iments were conducted with fan speeds (corrected to station 2 temperature) 
of 80 or 90 percent of rated condition (7005 rpm) and Reynolds number in- 
dices of 0.2 or 0.5. 

Yaw angle increased between the distortion-generating assembly and the 
engine inlet. A change in Reynolds number index (RNI) had only a slight 
effect and a change in speed had no effect on yaw angle distribution. The 
flow angle was largest in the hub region of the engine inlet. 

Along the inlet-duct wall, static-pressure distortion generated by the 
screen assembly increased exponentially as flow approached the engine in- 
let. Total-pressure distribution displayed no axial variation between the 
distortion-generating assembly and engine inlet for any of the screens test- 
ed. Both total-pressure and static-pressure distortion were attenuated be- 
tween engine inlet and compressor exit. 

INTRODUCTION 

A series of investigations was undertaken at the Lewis Research Center 
to obtain an experimental data base for use in determining the effects of 
inlet-pressure distortion on engine performance (refs. 1 to 3). In order to 
reduce the amount of expensive test time for new engine development, a pro- 
posal was made to develop analytical compressor models using existing exper- 
imental data. The function of these models was to predict the effects of 
inlet distortion on the operating characteristics of turbofan engines. To 
date, an operational model exists for a low-bypass-ratio turbofan engine 
(refs. 4 to 6) . 

This investigation was conducted to further evaluate inlet flow char- 
acteristics caused by pressure distortions of different extents and inten- 
sities and to provide initial data for a high-bypass-ratio compressor model 




which is in the developmental stage. In order to properly evaluate this 
series of inlet-distortion experiments, surveys of total pressure, static 
pressure, and total temperature were made on a YTF34 turbofan engine at the 
inlet, the fan exit, and the compressor inlet and exit. Free-stream yaw 
flow angles were measured using flow-angle rakes at two axial stations be- 
tween the distortion device and the fan inlet. Static pressures were also 
installed along the inlet-duct wall at two circumferential positions. 
Static-pressure variation upstream of an engine inlet is discussed in refer- 
ence 7. 

Data are presented for two engine fan speeds of 80 and 90 percent of 
rated condition (7005 rpm). Both fan-speed conditions were corrected to 
station 2 temperature levels. The Reynolds number indices (RNI) were 0.2 
and 0.5 (based on the undistorted sectors at the engine inlet). The dis- 
tortion extents were 90* and 180*, and the screens utilized in the experi- 
ments produced total-pressure distortions from 7.1 to 9.8 percent. 

SYMBOLS 


e natural logarithm base 

M Mach number 

NFR2 fan speed corrected to station 2 test conditions, NF/^/eJ*, rpm 
P pressure. Pa 

PNFR2 fan speed corrected to station 2 test conditions as a percent of 
7005 rpm 

RNI Reynolds number index, 6/(u/jisls) 
rfii mean radius of inlet duct, 0.56 m 

T temperature, K 

U tangential velocity, m/sec 

V axial velocity, m/sec 

X axial length, m 

3 yaw angle, deg 

Y ratio of specific heats 

A maximum-minimum value 

6 ratio of total pressure to standard sea level static pressure 

]i absolute viscosity, kg/(m-sec) 

Subscripts 

s static condition 

sis standard sea level static condition 

T total condition 

Stations 

1 airflow metering station, located 126.64 cm upstream of the engine 
inlet 

IB yaw measurement station behind the distortion screen, located 

57.62 cm upstream of the engine inlet 
1C end of static pressure taps along the inlet-duct wall, located 

56.49 cm upstream of the engine inlet 

2 engine inlet-pressure, temperature, and flow-angle measurement, 
located 14.96 cm upstream of the engine inlet 

2A start of static pressure taps along the inlet-duct wall, located 
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3.81 cm upstream of the engine inlet 
2C compressor inlet; outer wall of the passage located 57.91 cm 

downstream of the engine inlet, inner wall of the passage located 
55.93 cm downstream of the engine inlet 

2.4 fan exit located 30.80 cm downstream of the engine inlet 

2.5 inlet to gooseneck passage; outer wall of the passage located 40.30 
cm downstream of the engine inlet, inner wall of the passage 
located 37.25 cm downstream of the engine inlet 

2.6 gooseneck passage; outer wall of the passage located 46.88 cm down- 
stream of the engine inlet, inner wall of the passage located 43.42 
cm downstream of the engine inlet 

2.7 gooseneck passage; outer wall of the passage located 52.53 cm down- 
stream of the engine inlet, inner wall of the passage located 49.72 
cm downstream of the engine inlet 

3 compressor exit located 121.23 cm downstream of the engine inlet 

APPARATUS 

Engine 

The engine used for this investigation was a YTF34 turbofan, which is a 
high-bypass-ratio (6.23 to 1) front-fan engine. A single-stage fan, with a 
pressure ratio of 1.51 to 1, was driven by a four-stage low-pressure tur- 
bine. The 14 stage axial flow compressor had a nominal compression ratio of 
14.5 to 1 and was driven by a two-stage air-cooled, high-pressure turbine. 
The engine was installed in an altitude chamber by a direct-connect type of 
installation (fig. 1). Engine schematic and instrumentation-station 
diagrams for the region upstream of the fan inlet and at the inlet and exit 
of the compressor are presented in figure 2. 

Distortion Device 

Inlet pressure distortion was generated using one of three screen con- 
figurations with extents of 90° or 180*. A given screen was mounted on a 
motor-driven rotatable screen assembly (fig. 3) located 0.692 m (27.24 in) 
upstream of the engine inlet. Distortion screen descriptions are given in 
table I . 


Instrumentation 

The instrumentation used to acquire the data is outlined in figures 2, 

4, and 5. Total and static pressures were recorded by means of scanivalves 
calibrated for a range 0 to 103 kPa (15 psia). These measurements included 
pressure from just behind the distortion screen to the compressor inlet. In 
addition, one scani valve was calibrated for the range 103 to 1276 kPa (15 to 
185 psia) to measure pressures at the compressor exit. 

Figure 5 shows the details associated with the yaw flow-angle 
pressure-measurement rake located at station 2. Yaw angle is positive when 
the tangential flow component is in the direction of fan rotation, as noted 
on figure 5. A flow-angle measurement rake was also located immediately 
behind the screen assembly. Flow-angle probes were calibrated for a range 
of ±30° at the same free-stream Mach numbers encountered during engine ex- 
periments. The estimated systematic error is ±2/3° and the random error is 
±1/2°. A more detailed description of flow-angle probes is found in refer- 
ence 8. 
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Procedure 


A motor-driven rotatable screen assembly containing a circumferential 
distortion screen was rotated a full revolution in twelve 30“ increments. 
After each increment and upon achieving steady-state engine operation, a 
data point was recorded. Beginning at 0, the first data point was plotted 
at its angular rake (or tap) position. The second data point was then 
plotted at an incremental step of 30°, but in a direction opposite to 
screen-assembly rotation. This procedure is similar to holding the screen 
assembly in a fixed position and rotating the instrumentation rakes. All 
pressure data were normalized to upstream plenum pressure to compensate for 
minor run-to-run variations. This pressure adjustment included pressure 
measurements made upstream of the engine inlet, the fan exit, and the com- 
pressor inlet and exit stations. 

The inlet flow angle described in this investigation includes only yaw 
angle. Pitch-angle measurements were not recorded since the low-bypass- 
ratio turbofan experiments discussed in reference 9 showed that yaw-angle 
variations were much larger than pitch-angle variations for a given screen 
configuration. 

For each static tap at two circumferential locations along the in- 
let-duct wall (see fig. 4), a maximum and minimum static pressure was iden- 
tified for each test series of 12 data points. The difference between this 
maximum and minimum was normalized with a similar difference at the static 
taps nearest the engine inlet (station 2A-fig. 4) and presented as a rela- 
tive static-pressure distortion level. 

The RNI for each test run was held constant (at 0.2 or 0.5) upstream of 
the distortion-generating device by maintaining approximately a 289 K 
(520°R) inlet total temperature and adjusting inlet total pressure. 

RESULTS 

The effects on inlet flow of 90* and 180° steady-state pressure dis- 
tortion screens at total-pressure distortion levels of 7.1 to 9.8 percent 
were investigated. The engine inlet RNI was 0.2 or 0.5, and the corrected 
fan speed was 80 or 90 percent of 7005 rpm (the rated condition). The in- 
fluences of distortion level and extent, RNI, and fan speed on inlet flow 
angle, inlet-total and static-pressure distortion, and internal compressor 
performance are presented in this section. 

Flow Angle 


Clean inlet . - The undistorted streamline yaw flow angles at the en- 
trance to the engine inlet as functions of corrected fan speed are shown in 
figure 6. The yaw angle at station 2 varied from 0° at the hub to -2.2° at 
the tip. Flow angle is independent of speed at any radial location. 

1 80° distortion . - Flow-angle data obtained when the corrected fan speed 
was So or 90 percent of rated condition are presented in figures 7 to 12. 

The distortion screens used in the experiments had blockages of 40.2 to 49.4 
percent (total-pressure distortion from 7.1 to 9.8 percent). Total-pressure 
distortion at station 2 is defined as 


^*^T,max *^T,min^^*^T,av 

The maximum- and minimum-pressure values in the equation refer to a rake 
average value. The average-pressure term refers to a face average value. 


( 1 ) 

The 
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total-pressure distortion values for all screens tested are found in table 
II. 

The yaw-angle tip and midspan profiles behind the screen, located 57.62 
cm (22.69 in.) upstream of the engine inlet, were nearly constant with rela- 
tive circumferential position and were equal to a mean value of -1.2°, as 
seen in figure 7. Both tip and midspan profiles have been adjusted for 
clean inlet conditions by subtracting the clean inlet values (fig. 6) from 
the experimental yaw-angle data. Little difference occurred between tip and 
midspan profiles (fig. 7); these flat profiles resulted from an absence of 
engine-pumping effects at station IB (located immediately behind the 
screen). As flow approached the engine inlet, the yaw flow angle had a much 
larger magnitude (fig. 8), and significant variation occurred from tip to 
hub. (All profiles in figs. 8 to 12 have been adjusted for clean inlet con- 
ditions.) 

At station 2, 14.96 cm (5.89 in.) upstream of the engine inlet, the 
largest variation in the hub region occurred with a flow angle range from 
+24.3° to -22°. The tip and midspan flow angles had nearly identical pro- 
files, with a flow-angle band of +12.5° to -9.5°. The station 2 hub-yaw- 
angle profile exhibited a larger flow-angle variation than the tip and mid- 
span yaw angles; this resulted from greater engine-pumping effects and 
larger flow-angle redistributions in the hub region of the engine inlet. 
Regions of decreasing flow angle at station 2 are indicated in figures 8 to 
12 by data plotted within the circumferential region occupied by the dis- 
tortion screen. 

Speed and Reynolds number index effects . - The effect of decreasing fan 
speed (airflow) from 90 to 80 percent on station 2 yaw angle using a 
49.4 percent blockage screen (9.8 percent total-pressure distortion) is pre- 
sented in figure 9. A decrease in percent-corrected fan speed had 
essentially no effect on yaw angle between the tip and hub regions at sta- 
tion 2. The hub region at station 2 (see fig. 9(c)) provided the largest 
variation in flow-angle profile (fig. 8). 

The RNI effects on inlet-flow yaw angle at station 2 are presented in 
figure 10. Pressure distortion was produced by the same 180° screen at 
80 percent of rated fan speed. Yaw-angle variation as the RNI was de- 
creased from 0.5 to 0.2 was slightly influenced. Here, as in figure 8, the 
yaw-angle variation in the hub region was twice the variation of the tip and 
midspan regions at station 2. 

Distortion magnitude and extent effects . - An increase in screen block- 
age (total-pressure distortion) resulted in increased yaw-angle variation at 
station 2, as shown in figure 11. The hub region (see fig. 11(c)) showed 
the largest yaw-angle change. The large hub-region variation was discussed 
in conjunction with figure 8. The tip and midspan yaw-angle variations were 
nearly equal. Observe that flow-angle variation increased as the screen 
blockage (total-pressure distortion) increased. The streamlines of air un- 
derwent flow redistribution from the undistorted free-stream sector of the 
inlet duct to the region of low pressure behind the screen. 

The effect of screen extent on yaw angle is shown in figure 12. The 
largest yaw-angle variation occurred in the hub region (see discussion on 
fig. 8) An examination of the yaw angle profiles at the tip, midspan, and 
hub regions shows that the 90° screen produced a larger gradient over the 
first 90° circumferential sector due to flow redistribution effects. 
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STATIC-PRESSURE DISTORTION 


Static-pressure distortion change along the inlet-duct wall from behind 
the distortion device to the engine inlet (see fig. 4) is presented in fig- 
ures 13 to 16. The variables included percent change in corrected fan 
speed, RNI, screen blockage, and screen extent. The static-pressure dis- 
tortion change developed in reference 7 and presented in references 5 and 9 
for a low-bypass-ratio turbofan engine was found to hold for the high- 
bypass-ratio turbofan engine used in this investigation. The distortion 
change is defined as (Ps max - Ps min) station 2A or 
(aPs)/(aPc)2A. 

The figures noted above show that the relative static-pressure dis- 
tortion did follow an exponential curve, as discussed in reference 7. The 
term (x/r^) is a normalized distance parameter equal to the axial distance 
along the inlet duct divided by the mean radius of the inlet duct. In fig- 
ures 13 to 16 the data diverged from the exponential curve at (x/rm) val- 
ues of 0.26 and 1.03. These locations represent the axial location for sta- 
tion 2 rakes and the station IB flow-angle rake which produced disruptive 
effects on air flow due to rake blockage of the inlet duct. 

Examination of the data presented in figures 13 to 16 shows that fan 
speed, RNI, screen blockage, and screen extent all had minor influence on 
static-pressure distortion. All data presented are for the case of the 
first harmonic. The theoretical curve shown in figures 13 to 16 can be 
mathematically expressed as 


aP. 


•[n(x-X2^)]/r 




s^2A 


( 2 ) 


The first harmonic occurs when n in the above expression is equal to one. 
Other harmonics are discussed in references 7 and 9. The data presented in 
the figures were obtained from the static taps located at 55°. Data from 
the taps located at 235° show similar results. 

Pressure Profiles at Inlet 

The axial variation in free-stream-rake average total pressure between 
station IB (behind the screen) and station 2 (engine inlet) and the axial 
variation of static pressure along the inlet-duct wall from station 1C 
(56.49 cm upstream of the engine inlet; see fig. 4) to station 2, is pre- 
sented in figure 17. 

The total-pressure remained at a constant level with axial distance 
(fig. 17(a)). The static-pressure profile had a sinusoidal configuration 
which increased in amplitude from station 1C (behind the screen) to station 
2A (3.81 cm upstream of the engine inlet) (fig. 17(b)). The increase in 
static-pressure amplitude with axial distance was supported by the dis- 
cussion in the Static-Pressure Distortion section. 

Percent of corrected fan speed, RNI, and screen blockage had a minor 
effect on total-pressure and static-pressure amplitude along the inlet duct 
between the distortion screen and engine inlet (figs. 18 to 20). 
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Compression System Pressure and Temperature Profiles 


The variation, in total and static pressure and total temperature with 
relative circumferential position at stations 2.4 (fan exit), 2C (compressor 
inlet), and 3 (compressor exit) is presented in figures 21 to 23. Examin- 
ation of the total-pressure profiles in figures 18 to 23 shows that the 
amplitude of the normalized profiles increased between stations 2 and 2C 
(compressor inlet); the profiles then attenuated across the compressor. The 
flat total-pressure profile at station 3 indicated a very small level of 
total-pressure distortion. 

Similarly, a comparison of normalized static-pressure profiles (figs. 

18 to 23) shows that the profiles were attenuated across the fan as stream- 
lines of air were introduced into a large, unrestricted volume at the fan 
exit. The increased area reduced the average static-pressure value (engine 
core plus fan duct) at a given circumferential position. The normalized 
static-pressure profile at the compressor exit was relatively flat, which 
indicates that the level of static-pressure distortion at station 3 was min- 
imal . 

The normalized total-temperature profiles at stations 2.4 and 2C were 
nearly identical. The increase in temperature profile amplitude at station 
2.4 with respect to the flat profile at station 2 (not shown) resulted from 
the greater pressure ratio in the distorted, that is, the lower total- 
pressure sector of the fan. The temperature profile at station 3 was sin- 
usoidal with increased amplitude compared with stations 2.4 and 2C, again 
the result of the increased pressure rise in the distorted sector. 

The statement regarding the shape of the total- and static-pressure and 
total-temperature profiles is also valid for changes in fan speed, RNI, and 
different screen blockages. The data presented in figure 22 showing the RNI 
effect on pressure and temperature profiles at stations 2, 2.4, 2C, and 3 
were obtained with a corrected fan speed of 80 percent of rated condition. 

An attempt to test the engine at a fan speed of 90 percent of rated condi- 
tion with RNI at station 2 equal to 0.2 would have resulted in the violation 
of an interstage-turbine temperature limit. 

Normalized static-pressure profiles at stations 2.5, 2.6, and 2.7 (the 
gooseneck region between the fan exit and the compressor inlet) are shown in 
figures 24 to 26. Percent of corrected fan speed, RNI, and screen blockage 
had only minor effects on the profiles. Between stations 2.4 (see figs. 21 
to 23) and 2.5, the amplitude of the sinusoidal profiles increased. This 
increase resulted from the reduction in area from the fan exit to the goose- 
neck region (upstream of the compressor inlet). The static-pressure pro- 
files remained nearly constant along the gooseneck region. 

Variations in Compression- System Distortion 

The amplification or attenuation of total-pressure and static-pressure 
distortions is shown in figures 27 to 29. These profiles were generated 
using maximum and minimum total-pressure rake averages or static-pressure 
tap values along with face-average conditions at each instrumented engine 
station. The data in all three figures show that the total-pressure dis- 
tortion increased between the engine inlet and the compressor inlet. 
Total-pressure distortion at station 2.4 for core-pressure variation and at 
station 2.C was approximately 9 and 9.8 percent, respectively. The 
total-pressure distortion was nearly attenuated at the compressor exit. The 
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near-zero level of distortion at station 3 is noted by the flat 
total-pressure profiles in figures 21 to 24. 

Static-pressure distortion decreased between the engine inlet and fan 
exit when static-pressure measurements in the engine core at station 2.4 
were used in the distortion computation. The core area was smaller than the 
core-plus-fan-duct area at the fan exit; therefore, the static-pressure var- 
iation in the core was not large. The static-pressure distortion in the 
core region of the fan exit was approximately 1.5 percent. The level of 
static-pressure distortion along the gooseneck region of the engine contin- 
ued to increase with respect to the distortion level at the fan-core exit. 

The static-pressure distortion at station 2C (compressor inlet) was approx- 
imately 8.5 percent and was attenuated at the compressor exit to almost zero. 

Total-temperature distortion profiles were not presented in figures 27 
to 29 due to the small amplitudes. The temperature distortion level at sta- 
tion 2 was zero and the percent distortion at stations 2.4, 2C, and 3 was in 
the range of 1.5 to 2 percent. 

The data presented in all three figures were recorded with the distor- 
tion screen in the 0 to 180° position (clockwise) as viewed in the upstream 
direction from the engine exhaust. Distortion results with the screen posi- 
tioned from 90° to 270°, 180° to 360°, or 270° to 90° were essentially the 
same as the data presented in figures 27 to 29 and therefore are not shown. 

SUMMARY OF RESULTS 

A TF34 high-bypass-ratio turbofan engine was tested with inlet circum- 
ferenti al-pressure distortion. The results of the experiments are as 
fol lows: 

1. Yaw angle variation increased as air flow approached the engine 
inlet. 

2. Yaw angle variation was largest in the hub region of the engine 
inlet for all the screen configurations tested. 

3. Variations in corrected fan speed and RNI had a minor effect on 
yaw angle. 

4. For the screens tested, yaw angle increased with increases in 
screen blockage and screen extent. 

5. Screen-induced static-pressure distortion increased exponentially 
between the distortion-generating assembly and the engine inlet. Variations 
due to changes in fan speed, RNI, screen blockage, and screen extent had a 
minor influence on the shape of the curves. 

6. Inlet static-pressure distortion amplitudes predicted for a 
low-bypass-ratio turbofan engine were also applicable for a high-bypass- 
ratio turbofan engine. 

7. Screen-induced total-pressure circumferential profiles remained 
constant along the inlet duct between the distortion device and the engine 
inlet. Fan speed, RNI, and screen blockage did not produce variations in 
the profiles. 

8. Normalized total-pressure circumferential profiles varied from a 
square wave at the engine inlet to a nearly flat profile at the compressor 
exit. 

9. Normalized static-pressure circumferential profiles varied from 
sinusoidal wave at the engine inlet to a flat profile at the compressor exit. 

10. The amplitude of normalized total-temperature circumferential pro- 
files increased from the fan exit to the compressor exit. 
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near-zero level of distortion at station 3 is noted by the flat 
total-pressure profiles in figures 21 to 24. 

Static-pressure distortion decreased between the engine inlet and fan 
exit when static-pressure measurements in the engine core at station 2.4 
were used in the distortion computation. The core area was smaller than the 
core-plus-fan-duct area at the fan exit; therefore, the static-pressure var- 
iation in the core was not large. The static-pressure distortion in the 
core region of the fan exit was approximately 1.5 percent. The level of 
static-pressure distortion along the gooseneck region of the engine contin- 
ued to increase with respect to the distortion level at the fan-core exit. 

The static-pressure distortion at station 2C (compressor inlet) was approx- 
imately 8.5 percent and was attenuated at the compressor exit to almost zero. 

Total-temperature distortion profiles were not presented in figures 27 
to 29 due to the small amplitudes. The temperature distortion level at sta- 
tion 2 was zero and the percent distortion at stations 2.4, 2C, and 3 was in 
the range of 1.5 to 2 percent. 

The data presented in all three figures were recorded with the distor- 
tion screen in the 0 to 180“ position (clockwise) as viewed in the upstream 
direction from the engine exhaust. Distortion results with the screen posi- 
tioned from 90“ to 270°, 180° to 360°, or 270° to 90° were essentially the 
same as the data presented in figures 27 to 29 and therefore are not shown. 

SUMMARY OF RESULTS 

A TF34 high-bypass-ratio turbofan engine was tested with inlet circum- 
ferenti al-pressure distortion. The results of the experiments are as 
follows: 

1. Yaw angle variation increased as air flow approached the engine 
inlet. 

2. Yaw angle variation was largest in the hub region of the engine 
inlet for all the screen configurations tested. 

3. Variations in corrected fan speed and RNl had a minor effect on 
yaw angle. 

4. For the screens tested, yaw angle increased with increases in 
screen blockage and screen extent. 

5. Screen-induced static-pressure distortion increased exponentially 
between the distortion-generating assembly and the engine inlet. Variations 
due to changes in fan speed, RNI, screen blockage, and screen extent had a 
minor influence on the shape of the curves. 

6. Inlet static-pressure distortion amplitudes predicted for a 
low-bypass-ratio turbofan engine were also applicable for a high-bypass- 
ratio turbofan engine. 

7. Screen-induced total-pressure circumferential profiles remained 
constant along the inlet duct between the distortion device and the engine 
inlet. Fan speed, RNI, and screen blockage did not produce variations in 
the profiles. 

8. Normalized total-pressure circumferential profiles varied from a 
square wave at the engine inlet to a nearly flat profile at the compressor 
exit. 

9. Normalized static-pressure circumferential profiles varied from 
sinusoidal wave at the engine inlet to a flat profile at the compressor exit. 

10. The amplitude of normalized total-temperature circumferential pro- 
files increased from the fan exit to the compressor exit. 
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11. Total-pressure distortion increased between the engine inlet and 
the compressor inlet. The distortion level was nearly zero at the compres- 
sor exit. 

12. Static-pressure distortion decreased between engine inlet and fan 
core exit. The distortion increased from the fan-core exit to the compres- 
sor inlet and was nearly zero at the compressor exit. 
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TABLE I. - SCREEN DESCRIPTION 


Screen 

Wire diameter 

/ 

cm in. 

Width of 
opening 
cm in. 

Blockage, 

percent 

Extent 

deg 

1 

0.081 0.032 

0.201 

0.079 

49.4 

180 

2 

.081 .032 

.236 

.093 

44.6 

180 

3 

.089 .035 

.302 

.119 

40.2 

180 

4 

.081 .032 

.201 

.079 

49.4 

90 


TABLE II. - SCREEN TOTAL- 

-PRESSURE 

DISTORTION 


Screen 

Corrected 

fan 

speed, 

PNFR2, 

percent 

Reynolds 

number 

index 

RNIi 


- P 

max T,min 




P 

*^T,av 

percent 

(a) 

9 

1 

80 

0.2 


7.9 




.5 


7.7 



90 

.5 


9.8 


2 


.5 


8.8 


3 


.5 


7.1 


4 


.5 


7.8 



PT,max PT,min ^re maximum- and minimum- 

rake average total pressures and Pj is a face- 
average total pressure. All pressures are measured at 
station 2. 








Figure 1. - TF-34 engine in altitude test chamber. 


Front bulkhead 
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screen 
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Figure 2. - Instrumentation layout for TF34 turbofan engine (stations viewed looking upstream). 
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Figure 3. - Rotatable screen assembly, viewed in the direction of engine inlet. 
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Figure 5. - Sketch of station 2 yaw-angle measurement rake. 
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Figure 6. - Flow angle at station 2 (engine inlet) 
versus percent-corrected fan speed with no 
pressure distortion (clean inlet), 0.5 RNI. 
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rotation, deg 

Figure 7. - Yaw-angle variation at station IB (behind screen) for IBOP, 
49.4-percent blockage screen (9. 8 percent total-pressure distortion). 
Corrected tan speed of 90 percent and 0. 5 RNI. 
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Figure 8. - Yaw-angie variation at station 2 for 180P, 49.4-percent 
blockage screen (9.8 percent total-pressure distortion). Corrected 
fan speed of 90 percent and 0. 5 RNI. 
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Figure 9. - Effect of corrected fan speed in percent on yaw-angle vari- 
ation at station ?for 180° 49.4-percent blockage (9.8 percent total- 
pressure distortion) with 0.5 RNi. 
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Figure 10. - Effect of RNI on yaw-angle variation at station 2 for 180®, 
49. 4-percent blockage screen. Corrected fan speed is 80 percent. 
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Figure 12. - Effect of screen extent on yaw-angle variation at station 2 
for a 49.4-percent blockage screen. Corrected fan speed of 90 per- 
cent and 0.5 RNI. 
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Figure 14. - Effect of RNI on static-pressure distortion along inlet-duct wall for 
18(P, 49. 4-percent blockage screen; corrected fan speed, 80 percent. 
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Figure 15. - Comparison of three screen blockages of 18CP on static pressure 
distortion along inlet-duct wall. Corrected fan speed. 90 percent; 0.5RNI. 
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Figure 16. - Effect of screen extent on static-pressure distortion along inlet 
duct wall. Corrected fan speed of 90 percent and 0. 5 RNI. 
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(a) Total pressure. 

(b) Static pressure. 

Figure 17. - Circumferential variation of total and static pressure 
with axial distance along inlet duct. Distortion screen is 180° 
and 49.4-percent blockage. Corrected fan speed, 90 percent; 

0.5 RNI. 
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Figure 18. - Effect of corrected fan Meed on circumferential total-and 
static-pressure variation for a 180P, 49.4-percent blockage screen. 
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Figure 19. - Effect of RNi on circumferentiai totai-and static-pressure 
variation for a 180°. 49. 4-percent blockage screen. Corrected fan 
speed of 80 percent. 
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(a) Totai pressure at station 2. 

(b) Static pressure at station 2 (duct wall). 

Figure 20. - Circumferentiai total-and static-pressure variation for 
a 180° screen of different biockages. Corrected fan speed of 90 per- 
cent and 0.5 RNI. 
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Figure 21. - Effect of corrected fan speed on circumferential total - 
and static-pressure and total-temperature variation at stations 
2.4, 2C. and 3. Distortion screen, 18CP, 49. 4 -percent blockage; 
total-pressure distortion, 9.8 percent; 0.5 RNI. 
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Figure 22. - Effect of RNI on circumferential variation of total and 
static pressure and total temperature at stations 2.4, 2C. and 3. 
Distortion screen, 18 oP, 49. 4 percent blockage ; total-pressure 
distortion, 9.8 percent; corrected fan speed, 80 percent. 
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Figure 23. - Circumferential variation of total and static pressure and 
total temperature at stations 2.4, 2C, and 3 for three screen block- 
ages of 180®. Corrected fan speed of 90 percent and 0.5 RNI. 
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Figure 24. - Effect of percent-corrected fan speed on circumferential 
variation of static pressure at stations 2.5, 2.6, and 2. 7 for 18CP, 
49.4-percent blockage screen; 0. 5RNI. 
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Figure 25. - Effect of RNI on circumferential variation of static- 
pressure at stations 2.5, 2.6, and 2.7 for 18(P, 49. 4 percent 
blockage screen; corrected fan speed, 90 percent. 
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Figure 26. - Circumferential variation of static pressure at stations 
2. 5. 2. 6, and 2. 7 for th ree screen blocka^s of 18CP corrected fan 
speed. 90 percent; 0.5 RNI. 
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Figure 27. - Effect of corrected fan 
speed on pressure-distortion 
variation using a 180P. 49.4- 
percent blockage screen ; 0.5 


RNI 
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Figure 28. - Effect of RNI on pres- 
sure distortion variation for 180P, 
49. 4 percent blockage screen ; 
corrected fan speed of 80 percent; 
0.5 RNI. 
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Figure 29. - Effect of screen block- 
age on pressure-distortion (at 
station 2) variation. Corrected 
fan speed, 90 percent; 0.5 RNI. 
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